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[]Abstract-This study demonstrates for the 
first time that carp (Cyprinl!s carpio) neutro-
philic granulocytes from the head kidney 
possess potent spontaneous cytotoxic 
activity against several human tumor cell 
lines. Carp head kidney cells isolated at a 
density of 1.09 gjmL contained more than 
90~/, neutrophilic granulocytes, These cells 
were round and approximately 10 um in dia-
meter with reniform or polymorphic nuclei 
and slightly eosinophilic cytoplasm when 
stained with Giemsa. Electron microscopy 
revealed that the cytoplasm contained 
numerous oval granules, some of which con-
tained a dense rod-shaped core. The neutro-
philic granulocytes readily formed 
conjugates with the human target cells and 
rapidly killed them. The neutrophilic granu-
locytes killed human derived target cells 
better than murine derived tirget cells. Inhi-
bition of cytotoxicity by catalase suggested 
that the production of H202 Is involved as a 
mediator in the cytotoxic reaction. The size 
and granularity of the carp effector celis indi-
cate that they are different from the small 
agranular nonspecific cytotoxic cells (NCC) 
described in the channel catfish. 
[lKeywords-Fish; Carp; Head kidney; 
Neutrophilic granulocyte; K562; 
Spontaneous cytotoxic activity; Natural 
kiiler activity; H202-
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Introductioh 
Cell-medi ted killing is an important 
fu damental defense mechanism in the 
control of tumor cells and virus-infected 
cells. Cells possessing cytotoxic activity 
are found in many species From inverte-
brates to vertebrates (1-6). Hemocytes 
from the clam, Co?'biczda fu.Iminea, Iyse 
mammalian eryt rocytes by a secreted 
hemolytic factor (7). Crayfish. Astacus 
astacus, have two cell types, granular 
and semigranular cells, which possess 
cytotoxic activity (8). Spontaneous killer 
(SK) cel s from frogs, Rana pipiens, are 
similar in morphology to mammalian 
large granular lymphocytes (4). Periph-
eral blood mononuclear cells and gran-
ulocytes from chickens are able to lyse 
virus-transformed chicken cells (6,9). 
Mamm ls poss s  a number of different 
kinds of ytotox c cells which include 
cytolytic immune T cells (10,11), mono-
cytes or macrophages (12,13), granulo-
yte  (1~~16) and natural killer (NK) 
cells (17119). Although cytotoxic activity 
has been described in fish (20-26), only 
one type of cytotoxic cell has been well 
defined and it is the small agranular 
nonspecific cytotoxlc cells (NCC) from 
the channel catfish (Jctahlrus punctatLls) 
(27-29) . 
In the present study, neutrophilic gran-
ulocytes from carp head kidney were 
characterized and found to possess a 




toward several mammalian tumor cell 
l ines. 
Materials and Methods 
Fish 
Carp, Cyprinus carpio, weighing 
approximately 250 g were used for this 
study. The fish were maintained in 40 L 
tanks with running water at a temperature 
of 25+ 1'C. The fish were fed a commer-
cial pellet diet to satiation twice a day. 
Me d ium 
Cell cultures were performed in RPMI-
1640 (Nissui Pharmaceutical Co.) supple-
mented with 100/* heat-inactivated fetal 
bovine serum (FBS: Commonwealth 
Serum Laboratories), 1.4 mM sodium 
bicarbonate (NaHC03), 4 mM L-gluta-
mine, 100 units (U)/mL penicillin and 100 
ug/mL streptomycin, 
Ce!Z Preparations 
Fish were anesthetized in water con-
taining 100 ppm ethyl 4-aminobenzoate 
and effector cells =were aseptically pre-
pared from the head kidney. Cell suspen-
sions were prepared by gently presslng the 
tissue through a 150-gauge mesh stainless 
steel sieve in 10 mL of RPMI-1640 
without FBS. The cells ~vere ¥vashed 
twice with RPMIL1640 containing lO"/o 
FBS at 800 xg for 5 min at 4'C. Washed 
cells were then applied to a discontinuous 
Percoll (Sigma Chemical Co.) density 
gradient of 1.065, l.08 and 1.09 glmL 
and centrlfuged at 350 xg for 20 min at 
4'C. Cells at each of the three interfaces 
were collected and washed twice with 
unsupplemented RPMI-1640. The effector 
cells from the three fractions were sus-
pended in 2 mL of RPMI-1640 containing 
10"/o FBS and incubated for 12 h at 25'C 
O. Kurata et ai. 
until used; preincubation has been shown 
to enhance the activity of effector cells 
(26) . 
Before use, the effector cells were 
counted and brought to a concentration 
of I x l07/mL in RPMI-1640 containing 
100/0 FBS. The viability of cells was 
greater than 950/0 as determined by 
trypan blue exclusion. 
Ta/'get Cdls 
Seven human and murine tumor cell 
lines were used as' targets and include; 
K562 (human chronic myelogenous leu-
kemia), HL60 (human acute promyelo-
cyte leukemia), Molt4F (human T cell 
acute lymphoblastic leukemia), Hela 
(human uterocervical carcinoma), Daudi 
(human Burki t 's lymphoma) . P8 1 5 
(mouse mastocytoma) and YAC- 1 
(mouse olony virus induced T cell 
lymphoma). With the exception of Hela 
cells, the cell lines were maintained in 
RPMI-1640 containing 10'/o FBS at 37'C 
under 5"/o C02. Hela cells ¥vere main-
tained in Eagle's minimum essential 
medium (MEM; Nissui Pharmaceutical 
Co.) using the same conditions. Because 
H la cells are adherent, these cells ¥vere 
treated with 0.lo/* trypsin and 0.02"I* 
ethyl nediaminet traacetic acid in Ca2+ 
and Mg2+ free-phosphate buffer saline 
b fore used. The suspended Hela cells 
¥vere used s other nonadherent target 
cells or cytotoxicity assay. 
Assay fol' Ch racteristfcs of 
Cytotoxic Activity 
Target cells (3 >< I06) were labeled with 
3.7 MBq of Na 51Cr04 (Japan Atomic 
Energy Research Institute) for 1.5 h at 
37'C. The labeled cells were washed three 
times with unsupplemented RPMI-1640 
and dlluted to 2rx l05 cells/mL in RPMI-
1640 containing 10"/o FBS, The cell 
suspension (lOO uL/well) was added to 
23 
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round bottowL 96-well micratiter plates 
(Corning Labs. Inc.). Thereafter, effector 
cells (100 uL) were added to each well, 
resulting in 50:1, 25:1 and 10:1 ratlo of 
effector to target cells (E:T ratio). After 
incubation at 25'C for the indicated times, 
supernatants (200 uL) were harvested with 
an automated supernatant coliection 
device (Skatron) and radioactivity mea-
sured using an automated gamma counter 
(Shimazu RAW-300). Radioactivity of 
supernatants from target cells without 
effector cells and from target cells lysed 
with detergent (100/0 7X, ICN Biomed-
icals) served as spontaneous and max-
imum release controls, respectively. Each 
value for 51Cr-release is the mean of 
triplicate wells. The percent cytotoxicity 
was calculated as follows: 
Cytotoxicity 9~(o = 
(Test release) - (Spontaneous release) 
(Maximum release) - (Spontaneous release) 
>< 100 
The kinetics of cytotoxicity weLs deter-
mined at 0.5, l, 2, 4, 6 and 8 h after the 
cffcctor cells and K562 cells were m{xed. 
The assay was performed at an E:T ratio 
of 10:1 at 25'C. 
The followlng were performed in order 
to investigate cytotoxic effects of super-
natants from co-cultured effector cells and 
K562 cells. Effector cells (5 x l06) were co-
cultured with K562 cells (1 x l05) jn 500 
~L RPMI-1640 containing lO"/. FBS in 
Eppendorf microfuge tubes. K562 cclls 
cultured in absence of effector cells and 
effector cells cultured in absence of K562 
cells were used as controls. The tubes 
were incubated at 25'C. After incubating 
(0.5, 1, 2, 3 and 4 h), the tubes were 
centri^ruged 2~t 800 x g for 5 min at 4'C 
and cell-free supernatants Y/ere harvested. 
The supernatants (100 uL) were added*to 
51Cr-1abeled K562 cells (2x l04jIOO ~LLl 
well) in 96-well round bottom microtlter 
plates, and the plates incubated for 4 h at 
25'C. The percent 51Cr-release was mea-
su d as mentioned above. 
In additional experiments, catalase 
(from bovine iver; 19,900 U/mg; Sigma 
Chemical C .) as an inhibitor of H202, 
superoxide dismutase (SOD from bovine 
erythrocytes; 4200 U/mg; Sigma Chemical 
Co.) as an inhibitor of 0~, sodium azide 
(NaN3) and sodium cyanide (NaCN) as 
inhlbitors of my loperoxidase (MPO), L-
al n ne, glyc ne and L-serine as scavengers 
of hypochlorous acid (HOC1) were used. 
Each of the reagents was added when 
target and effector cells were mixed and 
their effects on cytotoxicity were exam-
in d. I  was established by trypan blue 
exclu ion that these reagents did not kill 
the efre tor cells (~ata not shown).. 
Morphological Observations 
For light microscopy, the effector cells 
v/ere staine  with Giemsa. The following 
were performed for transmission electron 
lr}}croscopy. The cells from the density 
interf ce of 1.09 g/mL were fixed with 
2.5"/* glutaraldehyde in 0.1 M phosphate 
bu fer (pH 7.6). After 90 min, the cells 
were washed eight times in 7.5"/, sucrose 
In 0.1 M phosph te buffer and postfixed 
with l'/. Os04 in phosphate buffered 
saline for 90 min. The cells were then 
dehydrated in graduated ethanol concen-
rations and embedded in Epon 812. 
Ultra hin scctlons were stained with 
uranyl acetate and lead acetate. 
To observ conjugation of the fish 
cffec o to K562 cells, the following ¥vas 
performed. Cells from the 1.09 glmL 
fraction (1 x l05) and K562 cells (1 x l05) 
were mixed in 200 uL of RPMI-1640 
containing 10'/* FBS. After incubation 
for I h at 25'C, scLmples were prepared 
according to the above methods for light 
a d transmission electron microscopy. 
24 
3i8 O. Kurata et ai 
Results 
Characte,'istics of Cytotoxic Activity 
The effector cells at the density inter-
faces for 1.065, 1.08 and 1.09 glmL 
demonstrated cytotoxicity against K562 
cells (Fig. 1). The effector cells from the 
l.09 g/mL fraction demonstrated the 
highest degree of cytotoxicity (78.9*/, at 
an E:T ratio of 50:1, 74.2"/o at 25: 1, 62.50/0 
at 10:1). In contrast, the effector cells 
isolated from the 1.065 and 1.08 glmL 
interfaces showed much less cytotoxicity 
(4.6*/o and 16,8"/o at 50:1, respectively). 
The effector cells from the 1.09 glmL 
fraction rapidly ly~ed K562 cells with 
significant killing occurring within the 
first 2 h; a plateau was reached after 4 h 
(Fig. 2). The level ofcytotoxicity observed 
after 2 h was only slightly less than that 
seen at 4 h. 
Cytotoxicity of the effector cells from 
the 1.09 g/mL fraction against seven 
different mammalian target cells is 
shown in Figure 3. The cytotoxicity was 
at high levels against the human K562, 
HL60, Daudi and Hela cells, at a mod-
erate le¥'el against Molt4F cells, and at 
low levels against the murine P815 and 
YAC-1 cells. The effector cells in the 1.09 
g/mL fraction killed human derived target 
cells better than murine derived target 
cells, 
Supernatants from 1.09 g/mL carp 
effector cells co-cultured with K562 cells 
at v rious incubation periods (O.5, 1, 2, 3 
and 4 h) show d no cytotoxic effects 
against K562 cells (data not shown). 
Addition f catalase partially inhibited 
the cytotoxicity of the-effector cells from the 
1 .09 g/mL fraction against K562 target cells 
L-Alanine and glycine gave a very small level 
of inhibition a d the other reagents gave no 
inhibition (Fig. 4). Addition of concen-
trated catalase (400; ugl200 uL) almost 
completely i hibi ed cytotoxicity when 
assayed at an E:T ratio of 2.5:1 (Fig. 5). 
However, inhibitionbyhighconcentrations 
of L-alanine and glycine (40 mM) was 
minimal ev n when assayed at a ratio of 
1 .25: I (data not sho~;n). 
1 oo 
r~ >~OO 
,J >1 +J '~~ 
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4J o 4J >' u 
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~ O:~ ZS:1 SO:~ 
EffectOr : Target Celi ratiO 
Figure I . Cytotaxicity af carp effector cel[s from three fractions (1 065:O - - O , I .081 0-0, I .og: 
O-O) separated by Percoll density g radients centrifugation. K562 cells were used as a target 
cell. 
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Figure 2. Kinetics of cytotoxicity by carp effector celis in the I ,09 g/mL fractian from fish I (O) 
and fish (O). K562 cells were used as a target cell. 
~ oo. 
~ ~~oa ~ ~+J C5 
>< o SO +' o +J >, u 
KS6Z HL60 Daudi Hela Mo:t4F P81S YAC-l 
Figure 3. Cytotoxicity af carp effector cells in the I .09 g/mL fraction against seven mammalian 
target cells. This cytotoxicity assay was performed at an E:T ratio of 10:1 for 4 h. F}esults are 
expressed as the mean ~ SD of cytotoxicity from three experimental fish. 
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l oo 
r~ >~OO 
,J >~ 4J '~o 
>< o 4J SO o +J >~ u 
, 
Control Cata[ase SOD NaN3 NaCN L-alanine giycJne L-serine 
Figvre 4. Effects of variovs reagents on the cytotoxicity of carp effector ceiis in the I .Og g/mL 
fraction. The reagents were catalase; ICO ugl200 uL ([ll), 200 ug/200uL_(~1.=,~~), 400 ~g/200 uL (ll), 
SOD: 50 Ul200 uL (C]), 100 U/200 uL (...~~=*~#), 200 U/200 uL (B). NaN3, NaON: 0.25 mM, (B), 0.5 mM 
(~~*..~::=~~), I mM (B), L-alanine, glycine and L-serine: 10 mM (~), 20 mM (~j), 40 mM (H). Control is 
cytotoxicity of the effector cells without the reagents. K562 cells were used as a target ce[1. 
This cytotoxicity assay was performed at an E:T ratio of 5:1 for 2 h. 
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Figure 5. Effects of catalase (O, 50, 100, 200, 400 ugl200 ~L) on the cytotoxicity of carp effector 
cells in the 1.0g g/mL fraction from fish A (O) and fish B (O). F(562 cells were used as a target 
cell. This cytotoxicity assay was performed atan E:T ratio of 2.5:1 for 2 h. Results are expressed 
as the mean ~SD of cytotoxicity of triplicate samples ffom individuals. Significantly different 
from non-addition af catalase (O ug/200 uL) (Stvdent's t-test, ':p <0 005, ": p <0.0005). 
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Morphologica! Observations 
Cells at the interface densities of 1.065 
and 1.08 g/mL consisted of lymphocytes 
(L), granulocytes (G) and macrophages 
(M) and cells at the interfaoe density of 
1.09 g/mL consisted of lymphocytes and 
granulocytes. The proportions of the cells 
from five indlvidual carp averaged 
92(L) : 5(G) : 3 (M) , 8 9(L) : 6(G) : 5(M) and 
9(L):91(G) in the density fractions of 
1.065, 1.08 and 1.09 g/mL, respectlvely. 
The granulocytes in the 1.09 g/mL frac-
tion v~'ere morphologically uniform-
round-shaped cells (approximately 10 
~m in diameter) with reniform or poly-
morphic nuclei and a slightly eosinophilic 
cytoplasm when stained with Giemsa 
(Fig. 6). Electron microscopy revealed 
that the cytoplasm was filled with 
numerous oval granules. Some of the 
granules contained a dense rod-shaped 
core (Fig. 7). 
Conjugation of the granulocytes-K562 
cells was observed by both light and 
transm s ion electron microscopy (Fig. 
8). Conjugated granulocytes showed the 
same characteristics as the granulocytes 
pr sent in the 1.09 g/mL fraction, with the 
shape of th  co jugated granulocytes 
being irregular. 
Discussion 
The head kidney cells from the 1.09 gl 
mL fraction contained 91 o/o granulocytes 
and 90/0 Iymphocytes and possessed a 
potent spontaneous cytotoxic activity 
against a variety of human tumor cells. 
I  contrast, cell  from the 1.065 and 1.08 
g/mL fractions were lymphocytic rich 
(approximately 900/0 Iymphocytes) and 
showed low cytotoxicity for the target 
cells used. It was confirmed by light and 
electron microscopy that the granulocytes 
' ~; 
~ ;~~~:1'1" _~?1' 
: '-~:.... __ ~ .,i;~~~'~b_ b 
Figure 6' A I ight micrograph of the carp neutro phi lic granulocytes in the 1 
1 o um)' The nuclei were renitorn (a) or polymorphic (b)' 
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Figure 7. Electron micrographs of the carp neutrophilic granulocyte from the I 09 g/mL fraction 
(bar; 2 um). The cytoplasm was filled with numerous oval granules (G) which contained a dense 
rod-shaped core (!) . 
conjugated with the mammalian target 
cells. These results clearly indicate that 
carp granulocytes are prlmary spon-
taneous cytotoxic cells. 
Carp granulocytes in the head kidney 
have been classified into four types by 
Temmink and Baync (30). Thcy found 
that neutrophillc granulocytes have a 
density of 1.08-1.09 g/mL as determined 
by density gradient centrifugation wlth 
Percoll. The other three granulocytcs 
types all had greater densities. In addi-
tion, carp neutrophilic granulocytes are 
characterized by numerous cytoplasmic 
granules which possess a dcnse rod-
shaped core. Such granules arc not 
found in mammalian neutrophils (31), 
The granulocytes observed in this study 
were identified as neutrophilic granulo-
cytes based upon the presence of granules 
with a dense rod-shaped core and the cell 
density (1.08-1.09 g/mL). The granulo-
cytes also showed some characteristics of 
neutrophilic g anulocytes such as being 
phagocytic agains E. co!i and positive 
with Sudan black B staining (data not 
shown). However, spontaneous cytotox-
icity of the carp neu~rophilic granulocytes 
against Inammalian tumor cells has not 
been prevlously described. Cytotoxic 
function of the other granulocyte types 
was not ined because of the diffi-
culty in collecting sufficient numbers of 
these cells in the ab~ence of contaminating 
erythrocytcs. Based upon morphological 
aspects, the carp neutrophilic granulo-
cytes are clearly different from the small 
agranular NCC originally described from 
the channel catfish (27). 
In c ntrast to the slow lysis of tumor 
cells by mamlnalian granulocytes (14,32), 
carp neutrophilic granulocytes rapidly 
ly cd target cells. This finding implies 
that the specific cytotoxic mechanism 
used by carp neutrophilic granulocytes 
may differ from that used by mammalian 
29 
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Figure 8' MicrographS of coniugation of the carp neutrophilic 9ranulocyte and ~(562 cell in light 
(It bar: Io ~m) and electron (lil bar; 2 um) microscopy' The cells coniugating to K562 cell (A) 
formed as described in Fi9s' 6r 7' The granu[es (G) contained a dense rod-shaped core' 
A number of dlfferent neutro hlhc ranuloc tes kllled the granulocytes. 
cytotoxic mechanisms havc bcen 
described for mammalian cytotoxic cells 
(32-34). Lysis of target cells by natural 
killer (NK) cells presumably involves the 
recognition of N=K target structures and 
NK negative target structures via recep-
tors (33,35). In this study, the carp 
neutrophilic granulocytes were found to 
form conjugates with the target cells 
suggestirig the existence of target recog-
nition receptors. It is also assumed that 
the carp neutrophilic granulocytes lyse 
via conjugation with the target cells. This 
notion Is supported by the finding that 
culture supernatants from co-cultured 
granulocytes and K562 failcd to sho¥v a 
direct cytotoxic effect against K562 cells, 
It is also known that the cytotoxic 
reaction of fish NCC requires contact 
with a target cell for lysis to occur (28). 
The target recognition receptors on carp 
neutrophilio granulocytes may have a 
specificlty for human cells, because carp 
neutrophllic granulocytes
human cell lines very effectively but not 
the murine cel  lines. The mechanism 
wher by the carp neutrophilic granulo-
cytes recognize targets is not known. 
Lysis of targ t cells can be performed by 
variou lytic mediators which include 
granule proteins, e.g. perforin (36), gran-
zyme A (37) a d defensin (38), and toxlc 
oxygen metabolite (13,32). Since cyto-
toxici y by th  carp neutroph{lic granu-
10cytes ¥vas inhib,ited by catalase, it is 
asSUmed that HI02 may be involved in 
the lysis of the target cells. Toxic oxygen 
me abol tes are important effectors in 
bacterlal and tumor cell killings by mam-
mallan granulocytcs (39~~2), Particularly, 
oxidized halogens ¥vhich are powerful 
cytotoxi  mediators in mammalian granu-
10cytes (32). Human neutrophil generates 
HOCI fr m H202-MPO-C1~ system, and 
utilizes this om ound to destroy tumor 
cells (40~2). It is known that carp neu-
trophilic granulocytes posscss peroxidase 
30 
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in their granules (43,44). However, inhibi-
tion of cytotoxicity of the carp neutrophilic 
granulocytes did not occur by addltion of 
MPO inhibitors (azide and cyanide) or by 
addition of the HOCI scavengers (L-ala-
nine, glycine and L-serine). These results 
suggest that the carp neutrophilic granulo-
cytes may not use HOCI generated by the 
H202-MPO-halide system for destruction 
of target cells and, therefore, may have a _ 
different cytotoxic mechanism than that of 
human granulocytes. 
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As in mammals fish neutrophilic granulocytes migrate more quickly than macrophages 
during the acute phase of inflammationl) and phagocytose microorganisms2). Recent 
research demonstrated that neutrophilic granulocytes from common carp Cyprinus carpio 
showed spontaneous cytotoxic activity against human leukemic cells as well as phagocytic 
activity3)_ This capability of carp neutrophilic granulocytes is interesting to fish defense 
mechanisms. Therefore, it is necessary to examine spontaneous cytotoxic activity of 
neutrophilic granulocytes in other fish species. 
In this study, spontaneous cytotoxic activity of neutrophilic granulocytes in ginbuna 
crucian carp Carassius auratus langsdorfii and channel catfish lctalurus punctatus were 
investigated, by using common carp as control. Four ginbuna crucian carp (weighing 80-
95g) obtained from National Research Institute of Aquaculture, four channel catfish 
(weighing 150-300g) from a private farm and four common carp (weighing 130-180g) from 
Yoshida Research and Experimental Station of Tokyo University of Fisheries were kept in 
40 Iiter tanks with running water at temperature of 25 i I~C. Fish were fed to satiation 
twice a day with commercial pellet. Neutrophilic granulocytes were used as effector cells 
for cytotoxicity assay. Neutrophilic granulocytes were separated from the head kidney on 
discontinuous density gradients of Percoll (Pharmacia, Sweden) according to the method 
previously described3' 4). The head kidney cells were applied to the discontinuous density 
gradients (1.065, 1.08 and 1.09 g/ml for ginbuna crucian carp and common carp, 1.065, 
l.07 and 1.08 g/ml for catfish) and centrifugated at 4~C for 20 min at 350 Xg for ginbuna 
crucian carp and common carp, and 300 Xg for catfish. Neutrophilic granulocytes of 
ginbuna crucian carp and common carp were in the interface of 1.08-1.09 g/ml and that of 
catf{sh were in the interface of 1.07-1.08 g/ml. The effector cells were stained with Giemsa 
and Sudan black B, and observed under light microscopy to identify the cell types. A 51Cr 
34 
release assay was adopted to determine the cytotoxicity of the effector cells. K562 (human 
chronic myelogenous leukemia) cells, which were often used for cytotoxicity assay of fish 
leucocytes5) were used as target cells. The mixture of effector and 51Cr-1abeled target cells 
were incubated for 4 h at 25~C in 96 well microplates of round bottom (Corning Labs. 
Inc.). After incubation, supernatants were harvested and the radioactivities were measured. 
The percent cytotoxicity was calculated as previous described3) 
Percentages of neutrophilic granulocytes in the effector cells of ginbuna crucian carp, 
channel catfish and common carp were 85.50/0, 86.30/0 and 95.00/0, respectively, with others 
compri~ed of mainly lymphocytes. Cytotoxicities of neutrophilic granulocytes from three 
species were shown in Fig. 1. In ginbuna crucian carp, effector cells composed of 
neutrophilic granulocytes showed cytotoxicky against K562 target cells (approximately 
640/0 at an E:T ratio of 50:1), while lymphocyte-rich fraction (1.07-1.08 g/ml including 
73.90/* Iymphocytes) expressed low cytotoxicity (approximately 15 o/o at an E:T ratio of 
50: l). This result indicated that neutrophilic granulocytes of ginbuna crucian carp also 
possess spontaneous cytotoxic activity as well as common carp. On the contrary, effector 
cells fiHed with neutrophilic granulocytes (fraction of 1.07-1.08 g/ml) from channel catfish 
showed extremely low or no cytotoxicity against K562 target cells. Lymphocytes fraction 
(~ 1.065 g/ml) of catfish including nonspecific cytotoxic ceHs (NCC) which are defined as 
small agranular lymphocytes showed cytotoxicity (data not shown). These results suggest 
the different cytotoxic activity of neutrophilic granulocytes among fish species. 
Spontaneous cytotoxic activities of neutrophilic granulocytes still need to be investigated 
with other target cells as well as other fish species for a better comprehension of this 
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Fig. I . Cytotoxicity of effector cells from ginbuna 
crucian carp (A), channel catfish (1) and common 
carp (O) against K562 target cells. Results are 
expressed as mean:~ SD of cytotoxicity from 
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Accommodation of carp natural killer-like cells to 
environmental temperatures 
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Abstract 
To assess cytotoxic activity of carp (Cyp,'inus carpio), head kidney leukocytes were examined 
wiLh special reference to the effects of rearin*' water temperature and of assay temperature. Leukocytes 
as effector cells were separated from head kidney using Histopaque 1077 and cytotoxic activities were 
measured by the release of 51Cr from target cells which were K562, human chronic myelogenous 
leukemia cells. Cytotoxic acti¥'ity of leukocytes from carp kept at higher temperature (25'C) was 
10wer at lower assay temperature ( lO'C) than at higher assay temperature (25'C) . However, activity 
from carp acclimated to low temperature ( 10'C) increased on lO'C assay and decreased on 25'C 
assay. Cellular composition of effector cells changed in connecLion with the above phenomenon. In 
carp acclfmated to 10'C, small lymphocytes decreased while the others, e.g. Iarge lymphocytes, 
~ranulocytes and macrophages, increased. Accommodaiion of carp natural killer-like cells to envl-
ronmental temperatures may be re_~ulated by changing the cellular composltion of effector cells. 
KeyTt'o,~ds: C.~,p,~i!II!s ca,pfo; Leukocytes; Natural killer activit),; Temperature; Accommodation 
1. Introduction 
The immune response of fish which are poikilothermic is influenced by environmental 
temperature. T-lymphocytes of flsh are responsible for specific immunity by helping anti-
body production (Miller and Clem, 1984), reject transplantation (Hildemann, 1957), 
respond to some mitogens (Clem et al., 1984) , and possess specific cell-mediated cytotoxic 
activity (Verlhac et al., 1 990) . The functions are suppressed at low envircnmental temper-
atures. The killing activity of phagocytlc cells is also suppressed at lower temperature, but 
endocytosis is not (MacArthur and Fletcher, 1985) . To prevent infection by pathogens at 
*CorTespondin_~ author. 
0044-8486/95/$09.50 C 1 995 El~, e¥'ier Science B.V, All rights reserved 
SSDJ0044-8486(94)00282-7 
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low temperature, fish may ha¥'e alternative mechanisms from cell functions suppressed at 
those temperatures. In this study, the effect of low enviroril~lental temperature on natural 
killer actlvity was investigated [n carp ( C);prinus carpio) and'the slgnificance of Lhe natural 
kil]er-1ike ceJls at low environmental tenlperature is discussed. 
2. Materials and methods 
Carp (C)'pri,zus ca,pio) of both sexcs and weighing 100-300 g were used. Fish wcre 
maintained in 40-liter tanks with rum~ing water at a temperature of 25'C over 2 weeks. To 
study the cffcct of lo¥~'er cn¥'ironmcntal tcmpcrature, rlsh were acclimated to lO'C for I , 7, 
39 and I 12 days. Fish ¥vcre fed a commercial pclleted dlet. 
Cells prepared by gently presslng hcad kidney tbu'ough 1~~0-gauge mesh stainless-steel 
sieves ¥¥'ere suspended in 10 ml of RPMI-1640 without fetal bovine serum (FBS). The 
cells ¥vere washed 2 times with RPMI-1640 without FBS at 800Xg for 5 min at 4'C, 
ovcrlaid onto Histopaque 1077 (Sigma) and centrifuged at 450Xg for 40 min at 15'C. 
Cells at the interface were colJected as effector cells and washed with RPMI- 1 640 wiLhout 
FBS. Thc effector cells were incubated in RPMI- 1640 cQntaining 10% FBS for 12 h at the 
same temperature as the fish were reared. 
Cytotoxicity o f effector cclls from experimental fish was measured by 51Cr rclease assay. 
K562 (human chronic myelogcnous leukemia) cells were used as a Larget for fish effector 
cytotoxic cells. Thc 51Cr-labeled K562 target ccll suspension (2 X ~ 05/ 100 ~el) was deliv-
ered to each well of 96-~¥'e]1 round bottom tissue culture plate (Corning) In 100 u1. 
Therearter, effector ceHs ¥vere added to several wells in 100 u1 volumes at a 50 : I raLio of 
effector to target cells. The plates were incubated at 25'C or 10'C. After 4 h, radioactivity 
of supernatants was llrleasured using an automated gamma-counter (Shimazu Raw-300). 
Radioactivities of supernatants of target cclls without effector cells and of target cells 
destroyed by a detergent ( I O% 7X. ICN Biomedicals) served as spontaneous and maximum 
release controls, respectively. 
Each value of the 5 1 Cr releasc was a mean from triplicate wells and cytotoxicity percentage 
was calculated as follo¥vs: 
Cytotoxlclty o/o ~ (Test rclease) - (Spontancous relcase) X 100 
~ Nlaximum release) - (Spontaneous release) 
The ¥Velch t-test ¥¥'as ehlploycd 1'or an~lysing the data f'or differences of cytotoxicity bet¥vecn 
25'C and 10'C assays. 
The effector cells were stained ¥vith Giemsa and the proportion of leukocyte populations 
in effector cells was detern~ined by examining a total of 1000 cells in each specimen at 
x 1000 magni~cation. 
3, Results 
Cytotoxicity of eff'ector 
59. I ~ 13.4c/o (mcan ~ s.d.) 
cells from carp kept ert 25'C showed higher activity of 
at 25'C assay tcmpcrature and lower activity of 28.3 ~ 9.7alo 
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Celluiar compos{tion ('/*) 
7 
Days after acclimation to I O~C 
Fig. I . Cellular composition ( upper panei) and difference in cytotoxicity bet¥veen 25'C and lO'C assay (lower 
panel) of effector cells of carp acclimated from 25'C to 100C. These data we_re from 4 fish. Cellular colriposltion: 
! small lymphocyte; E] loJrge lymphocyte; [] granulocyte; ~;.*i macrophage. Ditferences in cytotoxicity: mean ~ s,d. 
calculated from the difference bet¥veen 25"C and 10'C assays in individuals. Significanrly different frorn day O 
after acclirnation to I O'C: *P < O.05, **P < 0.01, ***P < O.OOI . 
¥vhen assayed at I O'C. Effector cells from carp at lower environmental temperature ( I O'C) 
lysed the target cells during assay at 10'C stronger, as the fish were kept longer at 10'C. 
The cytotoxicity in flsri acclimated to lO'C for I day did not=differ when assayed at elther 
25'C or I O'C from that of fish reared at 25'C. The level of cytotoxicity using the 10'C assay 
achieved the same as the 25'C assay after 7 days of acclimation and was higher than that 
of the 25'C assay after I 12 days. The activities of effector cells assayed at 25'C and 10'C 
after 1 12 days of acclimation ¥vere 22.4 ~ 25.5 and 45.2 d: 25.0%, respectively, and was the 
converse to those from fish kept at 25'C. The differences of cytotoxicity in assays performed 
at 25'C and 10'C indicate that natural killer activity of carp accommodated to lO'C (Fig. 
1). 
The proportion of leukocytes in effector cell populations changed as fish were acclimated 
to the lower envlronmental temperature ( lO'C) (Fig. I ) . Large lylnphocytes, granulocytes 
and macrophagcs increased and small lymphocytes decreased in proportlon, compared with 
the population of effector cells from carp held at thc higher temperature (25'C) . 
4. Discusslon 
In general, It is known that low temperature is suppressive to varlous immune responses 
in fish (Avtalion, 198 1 ) . Ho~¥'ever, in carp, natural killer activity was not suppressed but 
accommodated a lower en¥'ironmental temperature. The natural killer activity adjusted to 
function better at 10'C as carp acclimated to 10'C. The proportion of leukocytes in effector 
cells changed as flsh were kept longer at lO'C. At least tv/o kinds of morphologicaHy 
identirled cells in caFp leukocyte popu]ations ha¥'e cytotoxic.ity against K562 target cells 
( data not sho¥¥'n ) . These results suggest that accommodation of carp natural killer-like cel Is 
to cnvironmcntal tcmpcl~aturcs is rcgulzltccl by changes in the compositlon oi' ei'foctor cclls. 
42 
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The system of carp natural killer activity is specific to poikilothermic animals and the 
defense mechanism ma)' be important as an alternative function to other immune responses 
that are suppressed by low temperature. 
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図1、モノクローナル抗体（mAb）処理された好中球の細胞傷害活性値。
標的細胞にK562細胞を使用した。細胞傷害試験はE：T＝2．5：1、2時
間、25℃の条件で行った。結果は1尾について3重試験で得られた細胞
傷害活性値の平均±標準偏差で表わされている。★PBS処理区と比較し
て有意な差がある（Student7s亡一test，ρ＜O．01）。
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図2．モノクローナル抗体（mAb61C510、mAb57F51●）
処理好中球の細胞傷害活性値の上昇率。細胞傷害試験は
E：丁＝2．5：1、1．5時間、25℃の条件で行った。結果は1尾に
ついて3重試験で得られた細胞傷害活性値から算出された上昇率
Pの平均で表わされている。
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図3．各傷害試験時問におけるモノクローナル抗体（mAb61CSl　O、mAb57F51⑧）
処理好中球の細胞傷害活性値の上昇率。好中球は終濃度1000倍のmAbで処理された。細
胞傷害試験はEIT篇2．511、25℃の条件で行った。結果は1尾について3重試験で得られた
細胞傷害活性値から算出された上昇率の平均で表わされている。
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図4．モノクローナル抗体（mAb61C510、mAb57F51③）処理
好中球の細胞傷害活性のカタラーゼによる阻害率。好中球は終濃度
1000倍のmAbで処理された。細胞傷害試験はEIT＝2．5：1、2時間、
25℃の条件で行った。結果は1尾について3重試験で得られた細胞
傷害活性値から算出された阻害率の平均で表わされている。
93
o～
マ㍗一』・
簾
w『一
一　’5
・’
　　・一
L
図5．K562細胞に結合した好中球の免疫細胞染色像。K562細胞に結合してい
る細胞はズダンブラックBで染色され、好中球であることを示す（A）。モノク
ローナル抗体61C5（B）および57F5（C）はK562細胞に結合している好中球に
反応した（抗体が反応した細胞は褐色に染色される）。これらのモノクローナル
抗体はK562細胞（T）には反応しなかった。
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結辞
　コイ好中球が、従来知られている貧食能に加え、細胞傷害能も備えていることが
本研究で明らかになった。このことは、寄生虫などの貧食することができない比較
的大型な病原体やウイルス感染細胞、腫瘍細胞のような自己異常細胞に対しても、
コイ好中球は攻撃し得る可能性を示している。また本研究は、コイ好中球が環境温
度に順応性を持つことも明らかにした。魚類の特異免疫機構が低温下で働かない中
で、コイ好中球のような温度変化に順応性を持っ細胞は、変溢動物である魚類の生
体防御にとって重要な役割を果たしているものと思われる。これらの特徴的な機能
を有するコイ好中球の生体防御における役割を明らかにすることは、魚類特有の防
御機構の解明のためにも必要なことである。本研究で樹立したモノクローナル抗体
（mAb）は、侵入異物に対応した浸潤好中球において発現レベルの増す抗原を認識し、
また好中球の細胞傷害能の活性化を誘発した。今後、これらのmAbが認識する表面
抗原を単離し、その解析を行うと共に、それを介したシグナル伝達機構と傷害活性
との関わりを明らかにしていくことは、魚類特有の働きを持つ好中球の生体内での
調節、すなわち活性と制御のメカニズムの解明につながるものと確信する。また、
好中球の生体内調節のメカニズムの解明が魚類免疫系の発展とそれを応用した魚病
対策への道を開くことを期待する。
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